Aims: Our aims were to determine the effect of alcohol (EtOH) on endothelial angiogenic activity and to delineate the cell signaling mechanisms involved. Conclusions: These data demonstrate that ethanol, at levels consistent with moderate consumption, enhances endothelial angiogenic activity in vitro by stimulating a novel Notch/CBF-1/RBP-JK -Ang1/Tie2-dependent pathway. These actions of ethanol may be relevant to the cardiovascular effects of alcohol consumption purported by epidemiological studies 2
INTRODUCTION
Epidemiological studies have reported a biphasic effect of alcohol on cardiovascular disease. Moderate alcohol consumption (generally defined as up to 2 drinks per day) is a negative risk factor for atherosclerosis and its clinical sequelae; coronary heart disease, ischemic stroke and peripheral vascular disease [1] [2] [3] . On the other hand, chronic alcohol abuse is associated with a higher incidence of cardiovascular disorders and increased morbidity and mortality [2] [3] [4] , and has been identified as a significant risk factor for some cancers, including those of the upper alimentary tract and breast 5 . The precise cell signaling mechanisms mediating these diverse effects of alcohol are not fully understood.
Angiogenesis, the formation of new capillaries from the preexisting vasculature by migration, proliferation and structural rearrangement of endothelial cells, plays a fundamental role in physiology and pathology 6 . It is beneficial in some clinical circumstances, such as in tissue damage after reperfusion of ischemic tissue or cardiac failure and in wound healing, but maladaptive in other situations, such as cancer, arthritis and intraplaque formation 6 . Recent studies have demonstrated a role for Notch signaling during angiogenesis [7] [8] [9] [10] [11] [12] . The Notch pathway is an evolutionarily conserved intercellular signaling mechanism that is important in vascular development, playing a key role in vascular cell fate decisions 13 14 . Notch receptors and ligands are transmembrane proteins; four Notch receptors (Notch 1-4) and five ligands (Jagged-1
and -2, Delta-1, -3, -4) have been identified in mammals. Studies using constitutively activated Notch receptors missing their extracellular domains (i.e., Notch IC or NICD)
Accepted Manuscript
have shown that Notch signaling determines proliferation, differentiation and more recently apoptosis in vascular smooth muscle cells [15] [16] [17] . Notch IC is translocated to the nucleus where it interacts with the CSL family of transcription factors (CBF-1/RBP-Jk, Su (h) and LAG-1) to become a transcriptional activator that can then modulate the expression of Notch target genes that regulate cell fate decisions. These include the "Hairy Enhancer of Split" (hes) gene and HES related transcription factors (Hrt's) that are critically involved in mammalian cell differentiation 18 19 . Like vascular smooth muscle cells, Notch receptors are also expressed on adult vascular endothelial cells 20 21 22 23 , though relatively little is known about their regulation and function in this cell type.
In addition to the Notch pathway, the angiopoietin family of growth factors has been the focus of growing interest in angiogenesis research 24 . 

Barr virus encoded RPMS-1 resulted in a complete inhibition of ethanol-induced HUVEC network formation, in the absence of any effect on control cells (Figure 6a ).
Furthermore, RPMS-1 inhibited ethanol-stimulated Ang-1 and Tie-2 mRNA, in the absence of any effect in control HUVEC (Figure 6b ).
siRNA-directed knockdown of Ang1 or Tie2 inhibits Ethanol-induced HUVEC
network formation. Gene silencing of Ang1 or Tie2 with specific targeted siRNA duplexes was confirmed at the mRNA and protein level (data not shown, and Figure   6c ). Inhibition of Ang1 or Tie2 with the respective siRNA had no effect on network formation by control HUVEC, but completely inhibited ethanol-induced HUVEC network formation ( Figure 6c ).
Discussion
Here we report for the first time that alcohol, at levels consistent with moderate consumption, stimulates a novel Notch-Angiopoietin1/Tie2 signaling pathway in endothelial cells, resulting in increased angiogenic activity. 
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While it is well established that Notch receptors are important mediators of cell fate during embryogenesis 13 44 , Given that ethanol reportedly stimulates VEGF 29 38 , and that there is evidence of an interaction between Notch signaling and VEGF 7 46 , the possibility that stimulation of the 
